Circular dichroism studies are reported on the conformation of cucumber mosaic virus particles and of their isolated components. In particular, it was remarkable that the satellite RNA seemed to have less order than genomic RNA and also had a destructuring influence on the organization of the genomic RNA inside the virion.
INTRODUCTION
Cucumber mosaic virus (CMV) is an isometric virus which infects a wide range of hosts in the temperate regions of the world (Kaper & Waterworth, 1981) . CMV genomic RNAs consist of four components (mol. wt. 1.09, 0-98, 0.71 and 0.33, all x 106). The three largest components carry all the information required for virus replication, whereas the fourth component corresponds to the part of the genome in RNA 3 that carries the message for the coat protein (Kaper & Waterworth, 1981) . Particles of some strains also contain a satellite RNA (mol. wt. 1-08 x 105).
The instability of CMV particles in solutions of SDS suggested that they are stabilized by strong protein-RNA interactions (Boatman & Kaper, 1976) and this was confirmed by Piazzolla et al. (1977a) . Structural studies by small angle neutron diffraction demonstrated that CMV RNA penetrates to some extent into the protein shell (Jacrot et al., 1977) and the results of hypochromicity experiments suggested that the RNA inside the virus particle has a helical content of about 70~ (Kaper et al., 1965) .
Circular dichroism (CD) spectroscopy has been used to investigate plant virus structure and stability (Isenberg et al., 1971 : Incardona et al., 1973 Piazzolla et al., 1977b; Tamburro et al., 1978; Denloye et al., 1978; Odumosu et al., 1981) . CMV particles seemed to be particularly interesting because of the presence of the satellite RN A and the recent proposal that it interacts with CMV by a mechanism that inhibits viral RNA replication (Kaper, 1984) .
In this paper we describe observations on the conformation of CMV particles and of CMV RNA components under different experimental conditions.
METHODS

Source o[virus strains and their propagation.
The strain containing satellite was the CMV-OL isolate, obtained from olive and described by Savino & Gallitelli (1983) . The other, satellite-free, isolate (CMV-NS) was a gift of Dr H. Lot (INRA, Montfavet, France) and remained unchanged during the experiments. Both were propagated in squash and propagated as described by Lot et al. (1972) .
Spectroscopw CD spectra were measured on a Jasco 500A recording circular dichrograph using cylindrical quartz cells of 0.1 cm path length. Concentrations were in the range 0.33 to 2.02 mg/ml. The data are expressed in terms of either 0, the mean nucleotide residue molecular ellipticity in units of degrees, cm2/dmol, or ~, the specific ellipticity in units of degrees.cm-'/dg. Calculated mean residue tool. wt. was 338.6.
Electrophoresis of RNA. The electrophoretic patterns were obtained after treating virus with 0.1 ~ SDS in running buffer (Loening, 1967) the areas corresponding to each peak present in absorption meter scans of gels following electrophoresis in 2.4~ polyacrylamide gel for 3 h.
RESULTS
The RNA from the preparation of CMV-OL used here comprised 35 ~ RNA 1 + 2, 27 ~ RNA 3, 16~o RNA 4 and 22~o satellite RNA. The RNA from CMV-NS comprised 61~ RNA 1 +2, 20~ RNA 3 and 13~ RNA 4. Fig. 1 shows the CD spectra of CMV particles under different experimental conditions. Because the long wavelength regions of the spectra are dominated by the intraviral RNA, it is evident that the presence of buffers strongly affected the RNA conformation within the particles (Fig. I a) . However, this cannot be explained simply on the basis of an ionic strength effect because the positive band at longer wavelengths did not vary when the concentration of NaCI was increased (Fig. 1 b) .
On the contrary, isolated RNA (Fig. 2) was not sensitive to the buffer used because its spectrum was the same in water as it was in phosphate buffer. However, satellite RNA seemed to have less order than genomic RNA because the positive band at 268 nm was less than that of genomic RNA.
When the spectra of CMV-NS and CMV-OL were compared (Fig. 3) , they revealed that the former had noticeably more order than the latter; the extent of this effect cannot be explained by a simple sum of the two spectra. The ratio of 0 for the longer wavelength positive bands, which are very sensitive to both base pairing and stacking, was about 2: this value shows that the decrease of order is not due simply to the contribution of the less-ordered satellite RNA which makes up only 22 ~o of the RNA. Therefore, it seems that satellite RNA has a destabilizing effect on the structure of the encapsidated genomic RNA. To gain further insight into this subject we made thermal transition measurements of isolated genomic RNA (Fig. 4) and of both isolates of CMV (Fig. 5, 6 ). It should be noted that the protein component did not contribute significantly to the optical activity in the spectral zone around 265 nm. The curves obtained revealed interesting differences. CMV-NS showed a fairly simple sigmoidal curve with an apparent Tm of 50 °C, comparable to that obtained with chicory yellow mottle virus (Piazzolla et al., 177b) and turnip yellow mosaic virus (TYMV) (Tamburro et al., 1978) . These two viruses are characterized by weak protein-RNA interactions. Thus, it is apparent that CD experiments cannot be used to discriminate between CMV-like or TYMVlike viruses on the basis of their protein-RNA interactions.
CMVoOL showed a double sigmoidal curve with apparent Tm values of 33°C and 48°C. Interestingly, isolated genomic RNA showed again a one-step thermal transition with an apparent Tm of 43 to 45°C.
Possibly, when CMV particles contain satellite RNA, presumably together with CMV-RNA 3 or 4, only part of the genomic RNA is involved in RNA-protein stabilizing interactions, which results in a relatively high Tin, the remaining RNA being largely unstructured and therefore having a lower T~. However, in CMV particles devoid of satellite RNA the genomic RNA seems to have a more organized structure and therefore a higher Tin. 
DISCUSSION
The results of this study revealed two influences on the structure of CMV : the 'buffer' effect and the 'satellite' effect.
The 'buffer" effect can be inferred from Fig. 1 and 2. This effect shows that the structures of the isolated RNAs do not seem to be influenced by the presence of certain kinds of anions, but that these anions do have an effect on encapsidated RNA. Because C1-anions, up to a concentration of 0.5 M, did not show any significant effect on CD spectra, it appears that the ionic strength is not the only factor involved in the protein-RNA interactions for viruses like CMV, where ionic linkages are predominant.
As far as the 'satellite' effect is concerned, it seems that satellite RNA has a destructuring and destabilizing influence on the structural organization of the genomic RNA inside the virion. This conclusion supports the hypothesis that satellite RNA is assembled in the same virions as other RNA species and not in separate particles (Kaper & Waterworth, 1981) , and also raises the possibility that the destabilization of the ordered structure of the genomic RNAs could have an important role in the mechanism driving virus disassembly in vitro or in vivo.
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